June 17, 1952 

H. J. PASSINO 
pT.ASTTCTZAT'r0N 0 PF_.J0CAR0N POT.ERS 

Filed Maoh 25, 1949 

2,600,802 



Patented June 17, 1952 2,600,802 

UNITED STATES PATENT 
2,600,802 
PLASTICIZATION OF PERHALOCARBON 
POLYMERS 
Herbert J. Passino, Englewood; N. J., assignor fo 
The M. W. Kellogg Company, Jersey City, N. J., 
a corporation of Delaware 
Application March 25, 1949, Serial No. 83,451 
8 Claims. (CI. 260m33.8) 
1 
This invention -relates to the plasticization of 
perhalocarbon polymers.- In one of ifs aspects 
this invention relates to the production of solid 
perhalocarbon polymers of modified mechanical 
and physical characteristics and modified coin- 5 
position. In another aspect this invention re- 
lates to the polymerization of trifluorochloro- 
ethylene in a continuous manner to produce a 
normally solid polymer having improved char- 
acteristics. 10 
Various unsaturated perhalocarbons may-be 
polymerized under suitable conditions to produce 
solid polymers of good physical and mechanical 
stability. In many instances the resulting solid 
products have physical characteristics such that 15 
it is diflicult to mold or form products of the de- 
sired shape, or have physical characteristics, such 
as brittleness, which makes their use limited. 
To alter these physical characteristics of the 
solid potymers it bas been proposed fo incorporate 20 
plasticizers in the .crude polymer product so as 
to enable easier mechanical handting thereof or 
to modiïy their physical characteristics to the de- 
sired extent. These plasticizers may be incor- 
porated with the polymer product by various 25 
means. For. example, the plasticizer may be 
worked or kneaded into the solid polymer. 
ternatively, the solid plastic may be polymerized 
fo a finety-divided form and mixed with the plas- 
ticizer and thon compressed to form a solîd.mass. 30 
In many instances the plasticizer is difficultly 
miscible with the polymer product and is not 
easily dispersed throughout the mass. This is 
particularly the case when attempting to incor- 
porate a plasticizer into a large mass of polymer, 35 
such as that produced in a bomb type reactor. 
In producing a solîd polymer of trifluorochloro- 
ethylene, plasticizers are often employed in com- 
binaion with the resulting product to modify 
and improve the physical characteristics thereof. 40 
polymerization of trifluorochloroethylene to a 
solid pblymer is presently effected by a batch-wise 
process in a bomb-type reaction vessel. In the 
production ,of the solid polymer, the monomer is 
introduced into the bomb .togeçher with a suit- 45 
able promoter and the temperature of the bomb 
is usually maintained ai about --16 or --17 ° C. 
for a period ofabout seven days. The monomer 
is converted to a porous plug of the solid polymer 
in the reaction bomb. The unreacted monomer 50 
is included in the interstices of the porous plug 
and is removed by heating the plug in the reac- 
tion vessel under subatmospheric pressure so that 
the monomer is evaporated. Aïter the unre- 
acted monornër bas been evaporated, the plug is 55 
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removed from the reaction bomb and broken into 
chips or granules. Depending upon its proposed 
use, often a suitable plasticizer, for example, 
polymer off ruade from the saine monomer, is ad- 
mixed in appropriate amount with the chips or 
granules of the solid polymer and the mass 
worked or kneaded into a homogeneous mixture. 
Relatively small proportions of piasticizer are 
employed and after suitable working and knead- 
ing the mass is molded or formed into the de- 
sired shape by compression, rolling, etc. As pre- 
viously stated, admixing o.f the .plasticizer with 
the solid polymer and the working thereof into 
the polymer muterial is diflicutt and requires an 
excessive amount of energy and rime. It is much 
to be desired, therefore, to provide a method 
which could diminish the time and effort re- 
quired and also to insure uniform dispersion of 
the plasticizer in the solid polymer mass. 
The object of this invention is to provîde 
method for incorporating a plusticizer with a 
solid perhalocarbon polymer. 
Another object of this invention is fo provide 
a methed of polymerizing the monomer trifluoro-. 
chloreethylene to-a solid polymer of modifled and 
improved characteristics 
Still a further object of this invention is to 
provide a method for obtaining uniform disper- 
sion of a plasticizer i-n a solid perhalocarbon poly- 
mer, such as a sotid polymer of trifluorochloro- 
ethylene. 
Various other objects and advantages of the 
present invention will become apparent to those 
skilled in the art from the accompanying de- 
scription and disclosure. 
As herein deflned, polymerization refers to 
polymerization of a single monomer and also to 
the co-pplymerization of unlike monomers te 
produce a polymer of increased molecular weight. 
According to this invention, an unsaturated 
perhalocarbon monomer is polymerized in the 
presence of a plasticizer under suitable conditions 
of temperature, pressure, residence rime and pro- 
moting agent to produce a normally solid per- 
halocarbon polymer having modified and im- 
proved chemical and physical characteristics as 
compared to the potymer produced without the 
presence of the plasticizer. The solid polymers 
produced-by the process of this invention are 
those which retain their shape but are capable 
of being deformed by heating, compression, etc. 
The polymers produced are alse characterized 
the fact that their physicl and chemical prop- 
erties are modified by £he presence of the plas- 
ticizer during polymerization, such that the re- 
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sulting solid polymer may have any one of the 
]ollowing modified characteristics, namely, 
hardness, resilience, softening point, brittleness, 
translucency, plasticity and stability, as com- 
pared with the normal produgt produced without 
the presence of the plasticizer under otherwise 
comparable or substantially identical conditions 
of polymerization. The polymerization process 
of this invention may be effected in either a 
batch-wise or continuous manner. The monomer 
is usually admixed with the plasticizer and in- 
troduced into a suitable polymerization zone un- 
der the appropriate conditions of polymerization 
in the liquid phase A suitable diluent or heat 
dissipating, medium may also be admixed with 
the monomer without departing from the scope 
of this invention. The resulting product is sep- 
arated from the reaction mixture by any suitable 
method, such as by settling and decantation, fil- 
tering, centrifuging, and evaporation. The 
method of separation and recovery of the solid 
polymer will depend upon various factors, such 
as the extent of polymerization, the amount of 
diluent, if any, employed, and the design and 
shape of the apparatus. 
The present invention contemplates the use 
of various perhalocarbon monomers for produc- 
ing the solid polymer. These perhalocarbon 
monomers comprise trifluorochloroethylene, per- 
fiuorobutadiene, perfluoropropene, perfluoro- 
styrene, perfluorocyclobutene, perfluorocyclo- 
butadiene, and tetrafiuoroethylene. As previ- 
ously mentioned, the invention applies partic- 
ularly fo the polymerization of trifluorochloro- 
ethylene to produce a solid polymer. It also 
app]ies to the co-polymerization of various mon- 
omets such as, for example, the co-polymeriza- 
tion of trifluorochloroethylene and tetrafluoro- 
ethylene, the co-polymerization of perfluorobu- 
tadiene and perfiuorostyrene, and the co-poly- 
merization of perfluoropropene and trifiuoro- 
chloroethylene to produce solid polymers. 
The plasticizer employed in the present in- 
vention is one which is liquid under the operat- 
lng conditions and which imparts to the result- 
ing solid polymer modifled and improved char- 
acteristics. Suitable plasticizers comprise the 
oils, greases and waxes obtained by the poly- 
merization of trifluorochloroethylene, acetone, 
chloroform, carbon tetrachloride, methylene 
chloride, dichloroethylene, trichloroethylene, tet- 
rachloroethylene, 1,1,2 - trifluorotrichloroethane 
1,2-, 1,1-difiuorotetrachloroethane, perfluoroeth- 
ers, perfluoroketones, perchloroethers, perchloro- 
ketones and various other halogenated hydrocar- 
bons. The plasticizer must be at least partially 
miscible and substantially non-reactive with the 
polymer product. The weight ratio of monomer 
to plasticizer employed is usually in the range of 
about 50:1 fo about 1:1, preferably between about 
25:1 fo about 10:1. The amount of plasticizer 
employed will depend in general upon the desired 
extent of modification tobe effected on the re- 
sulting solid polymer, the exact ratio being 
within the determination of one skilled in the 
art for each particular set of reaction conditions 
employed and product desired. 
Since the present invention has particular 
application fo the plasticization of solid poly- 
mers of trifluorochloroethylene, although not 
limited thereto, suitable and preferred plasti- 
cizers for this polymer are the oils, greases and 
waxes of the monomer itself. These oils, 
greases and waxes are produced at higher tem- 
peratures than employed for the production of 

4 
 the solid polymer and in the Presence of a chain 
transfer reactant, such as chloroform. For a 
more complete discussion of the manner of pro- 
ducing solid polymers and oils of trifluorochloro- 
5 ethylene, reference may be had to applications 
Serial Nos. 14,797 filed Match 13, 1948, by Wfl- 
liam T. ]Yiller, now Patent No. 2,579,437; 20,612 
filed April 13, 1948, by John S. learick and 
61,082 filed November 19, 1928, by Albert L. 
lo Dittman, John M. Wrightson and I-Ierbert JE. 
Passino. These applications disclose in general 
the various operating conditions, apparatus and 
characteristics of the product produced by the 
polymerization of trifluorochloroethylene. 
15 The drawing is a diagrammatic illustration 
of an arrangement of apparatus in elevation for 
a continuous process for the production of a 
normally solid polymer of modifled and im- 
proved physical and chemical characteristics 
20 from the monomer trifluorochloroethylene. 
The starting material trifiuorochloroethylene 
may be prepared by dechlorinating Freon 113, 
trifluorotrichloroethane, in the presence of pow- 
dered zinc. According to the drawing, tri- 
25 fiuorochloroethylene together with any impuri- 
ries accompanying the monomer is introduced 
into a fractional distillation column 4through 
conduit 3. lecycled monomer is introduced into 
the lower portion of column 4 through conduit 
3o 35. In fractionator 4, trifluorochloroethylene is 
recovered as an overhead fraction in substan- 
tially pure form. IAquid bottoms are main- 
tained at the desired temperature of about 86 ° 
C. at atmospheric pressure by a conventional 
35 heating or coolfl]g element 6. Undesirable high 
boiling components or impurities accompanying 
the trifluorochloroethylene are withdrawn from 
fractionator 4 through conduit 7 for disposal. 
These undesirable components comprise alcohol 
4o and acidic by-products. Vaporous trifluoro- 
chloroethylene is removed from the upper por- 
tion of fractionator 4 and passed through con- 
duit 8 and condenser 9 to accumulator II. At 
least a portion of the trifluorochloroethylene is 
45 condensed by condenser 9 which is maintained 
at a temperature of about --28 ° C'. for atmos- 
pheric pressure operations. Condensate is re- 
turned from accumulator I I through a conduit 
12 to the upper portion of fractionator 4 as re- 
s0 flux. Alternatively or additionally to reflux- 
ing with condensate in conduit 12, internal cool- 
ing means (hot shown) may be positioned 
within the upper portion of fractionator 4 for 
creating an internal reflux. 
55 If only that much of the vapors in. conduit 
8 are condensed so as to provide reflux to frac- 
tionator 4, the remaining vapors are removed 
from accumuiator I I and are passed through 
conduits 14 and 16 to a scrubber 17 to remove 
60 acidic material from the monomer stream. In 
treater 17 the monomer stream is contacted 
with a caustic solution of sodium or potassium 
hydroxide. This treatment in scrubber 17 may 
also comprise contact with suitable sorbents, 
65 such as sflica-gel, phosphoric pentoxide and ac- 
tivated carbon, for removal of traces of con- 
taminants, such as alcohoL Scrubber 17 is used 
in order to obtain a monomer of high purity 
which is desirable for the polymerization of tri- 
70 fluorochloroethylene to a solid polymer of good 
physical and chemical properties. 
Tri case it is desired to treat the monomer in 
the. liquid phase, liquid monomer is withdrawn 
from accumulator I I and passed through con- 
75 duits 13 and 16 to scrubber 17 for liquid-liquid 
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contact with a caustic solution and/or sorbents. 
When this modification: is emptoyed, condenser 
$ is operated so as to condense substantially all 
of the effluent , in conduit 8. 
IAquid monomer is withdrawn frorn scrubber 5 
17 and passed bhrough conduit = !8 to a rnixing 
tank I$. In tïe event the rnonomer is treated 
in scrubber I in the vapor phase, a condenser 
(hOt shown) is provïded on conduit 18 to con= 
dense the vapors. A ptasticizer in the appro- 
priate quantity is introduced into mixing tank 
19 where it is thoroughly dispersed in the mon.- 
omer. Preferably, the plasticizer is a polymer 
off of trifluorochloroethylene, This off is .pro- 
duced at about 75- fo 100 ° C. in the presence of 
a small araount Of chloroform as a chain tran.S- 
fer solvent. The crude off removed from the 
polymerization zone is fractionated into a de- 
sired fraction bofiing between ,about 100 and 
250 ° C. at 1-2 mm. of mercury. This raction 
is then fluorinated with chlorine tçifluoride or 
cobaltic fluoride fo render it stable and sub- 
stantially non-reactive. The quantity of poly- 
trlfluorochloroethylene off introduced into rnix- 
ing tar 19 is about 0.1 part by weigÏt per par t 
by weight of rnonomer; the arnount of plasti- 
cizer however,-will depend on various factors 
as previously discussed. 
From rnixing tank 9, the purified liquid mon- 
orner including the plastieizer in appropriate 3o 
qUantity is passed through conduit 2  fo a poly- 
merization reactor 22. Water or orner diluent 
rnay be introduced into reactor 22 through con- 
duit 24 .to aid in the rernoval of the heat of poly- 
rnerization as hereinafter described. The in- 
troduction of water and/or monorner rnay be 
intermittent or continuons. A suitable prornoer, 
such as sodlurn perborate, is also introduced in 
rneasured quantities by rneans of conduits 
and 24. The ternperature of reaction ernployed 
may be bout t0 ° C. o about $0 ° C. but higher or 
lower temperatures rnay be used wihout depart- 
ing frorn the scope of this invention. In order to 
maintain the monorner in the liquid phase a pres- 
sure of about 100 pounds pe square inch gage or 45 
higher is rnaintained in reaetor 22. Liquid mon- 
orner and water are vgorously and intirnately 
admixed in reactor 22 by means o a c0nventionai 
stiiier 
If water is used as a diluent, the quantty of 5O 
water ernployed for rernoval and absorption of 
the heat of polymerization in reactor 2.2 is be- 
tween about I and about 3 rimes that of the mon- 
orner. A preferred arnount of sodium perborate 
is between about 0.5 and about 5 weight per cent 55 
based on the rnonomer in rëactor 22. The 
average residence rime of the monomer in 0rder 
to produce s0lïd polymer iS.bëtween about 5 and 
about 3 hours. The solid Polymer containing 
the plasticizer forma as a white powder and is 
removed as a slurry with water and unreacted 
monomer through conduit 
Tle slurry of solid polymer is passed from re- 
actör 22 thr0ugh conduits 2 and 28 fo à strip- 
pin$ unit ! in which unreacted rnonòrner is 65 
stripped frorn the slurry containing polyrner by 
increasing the ternperature and/or decreasing the 
pïessu]¢e o £he Sysem. Vapori.ed mënomèr is 
withdrawn overhêad fr0m Strippr ! t-hr0iigh 
conduit 2 and rnay be recycled to reactor 2, or 70 
all Or a portion thereof may be pàsed trough 
conduit  to fractionator 4. NUmeai  in- 
dicates heating cofls for stripping purposes. 
When passing the rnonorner frorn stripper 
to fractionator 4, a condenser is nsually posi- 
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tioned on c0riduit. 35 to condense thë rnonorner:: 
strearn prior t0 introduction into fractionator .. 
A slurry Of pol.ymer and water substantially " 
free from monomer is withdrawn from stripper 
! thi'ough conduit 4 and is passed fo. asepa 
rator 8. In separator , the stripped polymer 
floats On te wter by vituë of Which it is easily 
separated from the water by convCtional me 
chanical, means. Water which rnay contain the 
promoter or orner agents may bé ecycled to re 
act0r 22 througl conduits 8 and 8, if desired. 
If. the watm  c0ntains undesirable contäminants 
produced by the reacti0n, the water may be with- 
draWn through conduit 8] foz disposal.  
In some instances the stripping opêration in 
unit  ! may bë eliminated and the slurry of poly- 
mer, unreacted inonomer and water passed from 
reactor 2.2 through conduits 2], 29 and 4 directly  
fo separator $ by proper adjustment of the valves 
20 on conduit 28 and 29« When the strpping step 
is. elirninated the polyrner Wfll be heavier than. 
water and will settle fo the bottern of separator 
, frorn where if is rernoved and recovered. 
Sepaated polyrner which rnay or mäy hot con- 
25 tain monomer is passed frorn separator 6 through 
conduit .9 to drier 4. In drier 4 water and/0r 
monomer are evporated and pased through con 
duit 4 för retUrn throúgh conduits S, S5 and 
82 to reactor 22, or to fractionator 4 through cOn- 
duits S and S. If desired, the "apors removed 
from drier 4! may be vented to the atmosphere; 
this usually being the case When the stripping 
step is employed. On the other hand, when the 
stripping step iS hot used the vapors in conduit 
4S Will contain an appreciable arnount of rnon- 
orner and it is preferred under such circlnn* 
stances to recycle the m0n0rnèr fo react0r 22 or 
fractionator 4. Dkied polymer is rernoved frorn 
drier | throilgh conduit 42 as a product of tlle 
process. 
In a modification of the present procês-in 
which the Solid polyrner rnay cofitain excess 
arnounts o prornoter, such as s0diUrn borate, haw 
ing adverse affects on the polymér prodUct, the. 
separated Solid polyrner is paSséd from conduit 
$ through conduit 4 fo an éxtractoi" 44 Iii 
extractor 44 the polyrner is Waslied with an 
aque0Us solution, preferably an aqUeous.s01ution 
of alcohol fo dissolve the inorganic .peroxides 
contained in the polyrner. The solidpolymer is 
allowed t0 settlë in extractor 4 and may be 
passed through conduit 6 fo drier 4, if desired,. 
The aque0us solütion containing the extractéd 
peroxides or orner impuritiës is rernoved from ex« 
tractor 44 through conduit 5 and passed fo a 
stripper . In stripper  an overhead fraction 
cornprising .an aque0ns solution of alohOl is 
obtained and returned to èxractor  through 
conduit 2. A bottorns ïractiolï comprising water 
and irnpurities, such as inorganic peroxide, is 
rernoved frorn stripper  th]ough condui 
Since the inorganic peroxide rnay be usefulas a 
promoter for the polymerizati0n reaction., the 
stream in cOndUit  may be returnêd tò l'eactor 
22 by mehs hot shown. Elemëfit 6 is a léa- 
ing coil or reboiler for heting strlpper 4 to a 
suflîciently high temperäture fo vaporize the ex- 
traCtin agent. Methyl IcòhOl ,may be admixèd 
in about a 1:1 weight ratio witi water for use in 
extracter 44. 
In the event itis unde.sirabie fo pass the treated 
polymer from extractor  fo drier  because of 
the presence of alcohol which rnay contarninate 
the rnonorner, the extracted polymer rnay be 
passed through conduit ] to drier 48. In drier 
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48 the alcohol and water contained in the solid 
polymer are evaporated by regulation of the tem- 
perature and/or pressure therein in the con- 
ventional manner. The vaporized components 
are removed from drier 45 through conduit 51. 5 
Dried polymer containing the plasticizer is re- 
moved from drier 45 through conduit 49 as a 
product of the process. 
The solid polymer recovered at 42, or 49 con- 
talus the plasticizer as a homogeneous mixture. 
The polymer product may be subjected to further 
treatment such as pyrolysis» fluorination, chlori- 
nation» etc. without departing from the scope of 
this invention. Various modifications and alter- 
atlons of the arrangement of the equipment may 15 
become apparent fo those skilled in the art. Cer- 
tain pieces of apparatus and auxiliary equipment, 
such as liquid level controls, fiow controls» tem- 
perature and pressure controls, valves, pumps» 
coolers or condensers» heaters and storage res- 20 
sels have been omitted from the drawing as a 
marrer of convenience and clarity. 
With the diluent, the reactor is cooled or heated 
by controlling the quantity and temperature of 
the fresh and/r recycled diluent introduced 25 
into the reactor. Because of the high heat trans- 
fer rate of the diluent, such as water, tempera- 
ture control of the reactor is relatively simple 
and accurate without wide variations in tem- 
perature occurring. Control of the reactor tem- 30 
perature is usually maintained by means of a 
cooler (hOt shown) positioned on recycle con- 
duit 85, which removes the heat of polymeriza- 
tion absorbed by the diluent. The temperature 
of the reactor may be maintained substantially 35 
constant at the desired level without the use of a 
diluent» if desired, by indirect heat transfer with 
the reactor, such as by immersing the reactor in 
a liquid bath or by using colis positioned within 
the reactor. 4o 
I claim: 
1. The method of plasticizing a solid polymer of 
trifluorochloroethylene which comprises polymer- 
izing trifluorochloroethylene at a temperature 
between abou/ 10 ° C. and about 50 ° C. to produce 45 
a homopolymer of trifluorochloroethylene in the 
presence of polytrifluorochloroethylene oil present 
In a weigh/ ratio of monomer to oil of about 50:1 
to about 1:1. 
2. A continuous process for polymerizing tri- 5O 
fluorochloroethylene to a normally solid polymer 
of improved chemical and physical characteristics 
which comprises introducing trifluorochloroeth- 
ylene, a polytrifluorochloroethylene oil as a plasti- 
cizer, and water into a reaction zone in the pres- 55 
ence of an inorganic peroxide as a promoter, 
maintaining the reactor at a temperature between 
about 10 and about 50 ° C. and under sucient 
pressure to maintain the monomer in the liquid 
phase, vigorously agitating the mixture of mono- 6o 
mer» plasticizer, and water, maintaining an aver- 
age residence rime of monomer in said reactor 
such that a normally solld homopolymer of tri- 
fiuorochloroethylene is produced, withdrawing a 
slurry of monomer, solid polymer and water from 65 
said reaction zone, stripping the monomer from 
said slurry and returning stripped monomer to 
said reaction zone» separating solid polymer from 
water from said reaction zone and returning the 
water thus separated to said reacton Zone, drying 
the polymer, and recovering dried plasticized 
polymer as a product of the process. 
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3. A process for polymerizing trifiuorochloro- 
ethylene to a normally solid polymer of improved 
chemical and physical characteristics which com- 
prises introducing trifluorochloroethylene» a poly- 
triuorochloroethylene oil as a plasticizer» and 
water into a reaction zone in the presence of an 
inorganic peroxide as a promoter, maintaining 
the reactor under sucient pressure to maintain 
the monomer in the liquid phase at the temper- 
10 ature employed» vigorously agitating the mixture 
of monomer, plasticizer, and water, maintaining 
an average residence rime of monomer in said re- 
actor such that a normally solid homopolymer of 
triuorochloroethylene is produced, withdrawing 
a slurry of monomer» solid polymer and water 
from said reaction zone, separating solid polymer 
from water from said reaction zone, drying the 
polymer, and recovering dried plasticized polymer 
as a product of the process. 
4. The method for plasticizing a solid polymer 
of triuorochloroethylene which comprises poly- 
merizing triuorochloroethylene in the presence 
of polytrifluorochloroethylene which is liquid un- 
der the polymerization conditions under condi- 
tions to produce a normally solid homopolymer 
of trifluorochloroethylene containing plasticizer. 
5. The method of plasticizing a solid polymer 
of trifluorochloroethylene which comprises poly- 
merizing the single monomer trifiuorochloroeth- 
ylene to produce a homopolymer thereof in the 
presence of polytriuorochloroethylene oil present 
in a weight ratio of monomer to oil of about 10. 
6. A process for plasticizing a normally solid 
perhalocarbon polymer which comprises admixing 
polytrifiuorochloroethylene of lower molecular 
weight than said normally solid halogenated poly- 
mer to be plasticized and a material selected from 
the group consisting of triI1uorochloroethylene 
and trifiuorochloroethylene and another halogen= 
ated oleïm and polymerizing the aforesaid ma= 
terial in the presence o said polytriuorochloro- 
ethylene which is a liquid under the conditions 
of polymerization under conditions such that a 
solid polymer of modified mechanical and physical 
characteristics is produced. 
7. The process of claire 6 in which triuoro= 
chloroethylene is copolymerized with tetrafiuoro= 
ethylene. 
8. The proces of claire 6 in which trifluoro= 
chloroethylene is copolymerized with perfluoro- 
propene. 
I-IEBERT J. PASSINO. 
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